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FLIGHT TESTS UNDER IFR WITH AN 

STOL TRANSPORT AIRCRAFT 

By Robert C .  I n n i s ,  Curt A .  Holzhauser, 
and Richard P .  Ga l l an t  

Ames Research Center 

SUMMARY 

An STOL t r a n s p o r t  w a s  s t u d i e d  i n  instrument  f l i g h t .  This  a i r c r a f t  was 

The 
flown on 7-1/2" and 2-1/2" ILS approaches.  I t  could b e  flown comfortably and 
a c c u r a t e l y  on t h e  7-1/2" ILS a t  60 knots  t o  200 f e e t  above t h e  runway. 
descent  and d e c e l e r a t i o n  c a p a b i l i t i e s  were more than  adequate i n  t h e  approach 
and landing c o n f i g u r a t i o n ,  b u t  were not  s u f f i c i e n t  i n  t h e  preapproach config-  
u r a t i o n .  The handl ing c h a r a c t e r i s t i c s  during instrument  f l i g h t  were g e n e r a l l y  
s a t i s f a c t o r y ,  except f o r  moderate heading excursions a t  low speeds and moder- 
a t e  ang le -o f -a t t ack  excursions a t  t h e  r e a r  c e n t e r  o f  g r a v i t y .  These charac- 
t e r i s t i c s ,  while no t  s a t i s f a c t o r y ,  were accep tab le  and a r e  considered general  
problems of STOL a i r c r a f t  o p e r a t i o n s .  

INTRODUCTION 

STOL a i r c r a f t  can be flown slowly and s t e e p l y ,  and t h e r e f o r e  can be 
operated i n t o  small a i r f i e l d s  and r e s t r i c t e d  spaces .  This c a p a b i l i t y  has 
aroused i n t e r e s t  by a i r l i n e s  and governmental agencies  f o r  t h e i r  u se  i n  
commercial a i r  t r a v e l  ( r e f s .  1 t o  6 ) .  In  a d d i t i o n  t o  providing added conven- 
ience t o  t h e  a i r  t r a v e l e r ,  landing and t ak ing  o f f  slowly and s t e e p l y  a l s o  
o f f e r s  p o t e n t i a l  f o r  improved a l l -wea the r  r e l i a b i l i t y ,  reduced nonproductive 
t ime, and inc reased  s a f e t y  ( r e f .  7) . Several  STOL a i r c r a f t  have shown t h e  
d e s i r e d  low-speed performance i n  v i s u a l  f l i g h t  cond i t ions  ( r e f s .  8 and 9 ) ,  
and some h e l i c o p t e r  work has  been done a t  STOL speeds on instruments  ( r e f s .  10 
and 11). However, p r a c t i c a l l y  no f l i g h t  work has been done with STOL a i r -  
c r a f t  ope ra t ing  i n  t h e  t e rmina l  a r e a  under Instrument F l i g h t  Rules (IFR) t o  
a s c e r t a i n  t h e i r  p o t e n t i a l  as w e l l  as l i m i t a t i o n s  and t o  examine t h e  e f f e c t  
t h i s  environment has  on t h e  r e q u i r e d  performance, hand l ing  q u a l i t i e s ,  and 
ope ra t iona l  c h a r a c t e r i s  t i c s .  

Tes t s  were conducted with t h e  Breguet 941, an STOL p r o p e l l e r  d r iven  
t r a n s p o r t ,  because previous tests by NASA ( r e f .  9) showed i t  t o  have good STOL 
performance with s a t i s f a c t o r y  t o  accep tab le  handl ing q u a l i t i e s  under Visual  
F l i g h t  Rules (VFR). The a i r p l a n e  was comfortable t o  f l y  a t  low speeds and was 
capable  of descending o r  climbing a t  angles  g r e a t e r  t han  10" a t  60 kno t s .  
Landing and t a k e o f f  d i s t a n c e s  of 1000 f e e t  over an o b s t a c l e  were s a f e l y  
a t t a i n e d  because t h e  p r o p e l l e r s  were in t e rconnec ted  and good c o n t r o l  was 
provided about each a x i s .  



The tests were made on a s t anda rd  2-1 /Z0 Instrument  Landing System (ILS) 
and on i t s  7-1/2O secondary lobe t o  determine t h e  d i f f i c u l t y  i n  t r a c k i n g  an 
ILS a t  low speeds t o  low a l t i t u d e s .  I t  was a n t i c i p a t e d  t h a t  t h i s  t a s k  would 
expose any handl ing q u a l i t i e s  problems. 
ILS a t  va r ious  a l t i t u d e s  t o  f i n d  accep tab le  i n t e r c e p t  a l t i t u d e s  and opera- 
t i o n a l  procedures .  Some maneuvering f l i g h t  work a t  low a l t i t u d e s  was done 
t o  a s c e r t a i n  t h e  c a p a b i l i t i e s  of STOL a i rc raf t  o p e r a t i n g  i n  r e s t r i c t e d  a i r -  
spaces .  These r e s u l t s  were then  used t o  look a t  nonproductive t i m e  of STOL 
a i r c r a f t  when ope ra t ed  i n  t h e  t e rmina l  a r e a .  

The tes ts  included t r a n s i t i o n s  t o  t h e  

The tests were conducted by NASA and USAARL i n  cooperat ion wi th  S o c i e t e  
Anonyme des Ateliers D'Aviation, Louis Breguet,  and t h e  French A i r  Force. 
The ch ie f  p i l o t  of New York Airways a l s o  p a r t i c i p a t e d  i n  a p o r t i o n  of t h e  
tes ts .  

NOTAT I ON 

Ax l o n g i t u d i n a l  a c c e l e r a t i o n  of c e n t e r  o f  g r a v i t y  as measured by 
an accelerometer ,  g u n i t s  

Az normal a c c e l e r a t i o n  of c e n t e r  of g r a v i t y  as measured by an 
accelerometer ,  g u n i t s  

c .g .  c e n t e r  of g r a v i t y  

- 
C mean aerodynamic chord, f t  

Cm pitching-moment c o e f f i c i e n t  

, p e r  r a d i a n  a c m  l o n g i t u d i n a l  s t a b i l i t y  d e r i v a t i v e ,  - 
aa 

l o n g i t u d i n a l  s t a b i l i t y  d e r i v a t i v e ,  - , p e r  f t / s e c  
mV av C 

a c m  2v l o n g i t u d i n a l  p i t c h  damping d e r i v a t i v e ,  - - - , p e r  r a d i a n  
9 aq c 

Cm 

a c m  
pitching-moment change with t h r u s t  c o e f f i c i e n t ,  - 

aT ' 
C 

g a c c e l e r a t i o n  o f  g r a v i t y ,  f t /sec2 

h h e i g h t  above runway, f t  

i t  

I ~ ~ , I ~ ~ , I ~ ~  moments of i n e r t i a ,  s l u g - f t 2  

L-MKR n o n d i r e c t i o n a l  beacon and f a n  marker 

2 

h o r i z o n t a l  s t a b i l i z e r  angle ( l e a d i n g  edge up, p o s i t i v e ) ,  deg 



Lp 

MV 

Ma 

Mg e 

Ng 

P 

PR 

a m , ,  

W I y y  

damping i n  r o l l ,  , l / s e c  
aP 

, l / s e c  
aq 

damping i n  p i t c h ,  

W I y y  
p i t c h i n g  moment due t o  t h r u s t  change, , l / s e c 2  

aT/W 

W I y y  , l / s e c 2 / f t / s e c  av speed s t a b i l i t y  , 

ang le -o f -a t t ack  s t a b i l i t y ,  aM/lyy , l/sec2 
aa 

a w Y y  
a &  p i  t ch i n g  moment due t o  ang 1 e - of - a t  t ack ch ange , , l / s e c  

l o n g i t u d i n a l  c o n t r o l  power p e r  r a d i a n  d e f l e c t i o n ,  
W I y y  

, l / s e c 2  
a 6 e  

gas gene ra to r  speed, pe rcen t  

r o l l  angu la r  v e l o c i t y  ( r i g h t  r o l l ,  p o s i t i v e ) ,  r a d i a n s / s e c  

p i l o t  r a t i n g  

p i t c h  angular  v e l o c i t y  (nose up, p o s i t i v e )  , r a d i a n s / s e c  

f r ee - s t r eam dynamic p r e s s u r e  , l b / f t 2  

yaw angular  v e l o c i t y  (nose r i g h t ,  p o s i t i v e ) ,  r a d i a n s / s e c  

r a t e  o f  climb, f t /min  

r a t e  of s i n k ,  f t /min  

h o r i z o n t a l  d i s t a n c e ,  f t  o r  nm ( n a u t i c a l  mile) 

wing a r e a ,  f t 2  

s h a f t  horsepower 

t ime,  s e c  

t r anspa rency ,  average inboard p r o p e l l e r  b l a d e  angle  minus 
average outboard p r o p e l l e r  b l ade  angle ,  deg 

t o t a l  t h r u s t  t h r u s t  c o e f f i c i e n t ,  
q 2  
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v 

VC 

W 

a 

B 

Y 

6e 

be 

6 f  

P 

'P 
6 

6, 

6sP 

'th 

eP 

a 

J, 

t r u e  a i r s p e e d ,  knots  o r  f t / sec  

c a l i b r a t e d  a i r s p e e d ,  V& knots  

g ross  weight,  l b  

c o r r e c t e d  ang le  of a t tack,  deg 

uncor rec t ed  angle  o f  a t t a c k  (measured a t  nose boom), deg 

ang le  of s i d e s l i p ,  deg 

f l i g h t - p a t h  angle  (climb, p o s i t i v e ) ,  deg 

e l e v a t o r  ang le  ( t r a i l i n g  edge down, p o s i t i v e ) ,  deg 

l o n g i t u d i n a l  s t i c k  d e f l e c t i o n  (forward, p o s i t i v e ) ,  i n .  

inboard t r a i l i n g - e d g e  f l a p  d e f l e c t i o n ,  deg 

rudder  pedal  p o s i t i o n ,  i n .  

s p o i l e r  d e f l e c t i o n ,  deg 

l a t e ra l  s t i c k  d e f l e c t i o n  ( r i g h t ,  p o s i t i v e )  , deg 

t h r o t t l e  p o s i t i o n  (approximately equal  t o  t h e  average gas 
gene ra to r  speed) ,  pe rcen t  

g l i d e  s l o p e  e r r o r ,  deg 

l o c a l i z e r  e r r o r  , deg 

p i t c h  a t t i t u d e  (nose up, p o s i t i v e ) ,  deg 

p r o p e l l e r  b l a d e  angle  ( s u b s c r i p t s  r e f e r  t o  p r o p e l l e r  l o c a t i o n ,  
numbered from l e f t  outboard as 1 t o  r i g h t  outboard as 4 ) ,  
deg 

d e n s i t y  r a t i o  

bank angle  ( r i g h t  wing down, p o s i t i v e ) ,  deg 

r o l l  angu la r  a c c e l e r a t i o n ,  r ad ians / sec2  

heading ang le ,  deg 
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DESCRIPTION OF AIRPLANE AND EQUIPMENT 

The Breguet 941 is  a high-wing, a s s a u l t - t r a n s p o r t  a i r p l a n e  wi th  fou r  
I t  was designed and b u i l t  f o r  STOL ope ra t ion  by tu rbo-p rope l l e r  engines .  

S o c i e t e  Anonyme des Ateliers D'Aviation, Louis Breguet, i n  France.  The U.S. 
l i c e n s e e  i s  t h e  McDonnePP-Douglas Aircraft Corporat ion.  Figure 1 is  a 
photograph of t h e  a i r p l a n e  i n  t h e  landing c o n f i g u r a t i o n .  P e r t i n e n t  d e t a i l s  
of t h e  a i r p l a n e  are given i n  f i g u r e  2 and t a b l e  1 .  
fol lows p e r t a i n s  p r i m a r i l y  t o  conf igu ra t ion  changes made s i n c e  t h e  previous 
(1963) tests.  Fur the r  d i s c u s s i o n  of some changes i s  included i n  t h e  appendix. 
Reference 9 con ta ins  a d d i t i o n a l  information on t h e  geometry and c o n t r o l  
systems . 

The d e s c r i p t i o n  t h a t  

Cockpit Instrumentat ion 

Figure 3 i l l u s t r a t e s  t h e  instruments  used and t h e i r  arrangement. The 
primary i n d i c a t o r s  used during instrument f l i g h t  t e s t s  have been l abe led .  
I t  should be noted t h a t  t h e  a i r c ra f t  was a p ro to type ,  and no attempt was 
made t o  opt imize e i t h e r  t h e  instruments  o r  t h e i r  l o c a t i o n .  The a t t i t u d e  
i n d i c a t o r  was r a t h e r  small, and some d i f f i c u l t y  was experienced i n  d i sce rn ing  
small bank ang le s .  Since no f l i g h t  d i r e c t o r  was provided, t h e  p i l o t  w a s  
r e q u i r e d  t o  f l y  t h e  ILS s o l e l y  by means of t h e  displacement information pro- 
vided by t h e  course d e v i a t i o n  i n d i c a t o r .  The a n g l e - o f . a t t a c k  i n d i c a t o r  was 
considered a primary f l i g h t  instrument .  I t  was used i n  l i e u  of t h e  a i r speed  
i n d i c a t o r  t o  provide t h e  p i l o t  a r e fe rence  by which he could maintain an 
adequate margin from t h e  s t a l l  independent of a i r c r a f t  con f igu ra t ion ,  weight,  
o r  f l i g h t  cond i t ion .  S i m i l a r  information was provided by pa rav i sua l  l i g h t s  
l oca t ed  a t  t h e  s i d e  of t h e  windscreen; however, t h e s e  l i g h t s  were not too 
u s e f u l  du r ing  instrument  f l i g h t  s i n c e  they were o u t s i d e  t h e  p i l o t ' s  normal 
instrument  scan p a t t e r n .  

F l i g h t  Controls 

Figure 4 i s  a schematic drawing of t h e  f l i g h t  c o n t r o l  system. Since t h e  
1963 NASA t e s t s  ( r e f .  9) t h e  a i l e r o n s  have been d e a c t i v a t e d  and t h e  outboard 
f l a p  d e f l e c t i o n  has been inc reased  s l i g h t l y  f o r  a given inboard f l a p  d e f l e c -  
t i o n .  The inboard d e f l e c t i o n  is  used as t h e  r e f e r e n c e  f l a p  d e f l e c t i o n .  I n  
a d d i t i o n ,  a p r o p e l l e r  mode termed "transparency" has been inco rpora t ed ,  which 
inc reases  t h e  inboard p r o p e l l e r  b l ade  p i t c h  and dec reases  t h e  outboard 
b l ade  p i t c h  t o  d i s t o r t  t h e  span loading a t  low speeds,  s o  t h a t  t h e  descent  
c a p a b i l i t y  can b e  inc reased  i n  t h e  approach. Transparency is  given as t h e  
d i f f e r e n c e  i n  b l a d e  ang le  between inboard and outboard p r o p e l l e r s .  

The f l a p s  were p o s i t i o n e d  between 0" and 85O by means o f  a conventional 
console-mounted switch;  t h e  f l a p  a c t u a t i o n  r a t e  w a s  about 2 - 1 / 2 O  p e r  second. 
A thumb-operated rocker- type switch mounted on t h e  inboard s i d e  of t h e  power 
l e v e r  p o s i t i o n e d  t h e  f l a p s  between 72" and 98", and s imultaneously increased 
t ransparency from 0" t o  1 2 " .  
was inc reased  t o  about 15" p e r  second so t h a t  t h e  f l a p  and t ransparency 

During t h i s  mode of ope ra t ion ,  t h e  f l a p  r a t e  

5 
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72 

72-98 

changes were more synchronous and could b e  used as a c o n t r o l  r a t h e r  t han  a 
c o n f i g u r a t i o n  change. The fol lowing t a b l e  l ists  t h e  f l a p  d e f l e c t i o n s  used 
f o r  t h e  va r ious  o p e r a t i o n a l  c o n f i g u r a t i o n s .  

52 

52- 72 

Configurat ion 

Cru i se  

Take-off and Maneuver 

Preapproach and Wave-off 

Approach and Landing 

T r an cp a r  en cy 
deg 

0 

0 

0 

0- 1 2  

The s t a b i l i z e r  was in t e rconnec ted  wi th  t h e  f l a p  p o s i t i o n  as shown i n  
f i g u r e  5 ( a ) .  The t h r o t t l e  and e l e v a t o r  a l s o  were in t e rconnec ted  as shown i n  
f i g u r e  5(b)  , and a l o n g i t u d i n a l  feel system t h a t  changed t h e  f o r c e  and f o r c e  
g r a d i e n t  as speed was inc reased  above 90 knots  w a s  provided t o  reduce t h e  
l o n g i t u d i n a l  c o n t r o l  s e n s i t i v i t y  and t o  i n c r e a s e  t h e  s t i c k - f r e e  s t a b i l i t y  i n  
c r u i s e  ( f i g .  6 ) .  

The l a t e ra l  c o n t r o l  system was changed as fo l lows :  s i n c e  t h e  a i l e r o n s  
were d e a c t i v a t e d ,  t h e  s p o i l e r s  were r e - r igged  and t h e  d i f f e r e n t i a l  p r o p e l l e r  
p i t c h  was inc reased  f o r  t h e  t ransparency mode ( f i g .  7 ) .  The magnitude of 
d i f f e r e n t i a l  p i t c h  wi th  pedal p o s i t i o n  was a l s o  changed ( f i g .  8 ) .  

Propulsion System 

I n  1963, a l l  engines were p ro to types  with r a t i n g s  o f  1165 hp each. For 
t h e  c u r r e n t  t e s t s ,  t h e  outboard engines were r ep laced  wi th  product ion ve r -  
s i o n s  of t h e  Turmo I11 D 3  engine d e l i v e r i n g  1480 hp. 
included v a r i a b l e  b l ade  angle  s t o p s  as a s a f e t y  device t o  l i m i t  b l ade  ang le  
excursion i n  t h e  event of  a p r o p e l l e r  c o n t r o l  f a i l u r e .  For  i nc reased  s a f e t y  
t h e  p r o p e l l e r  r e v e r s i n g  mechanism was modified t o  inc lude  an e l e c t r i c a l  
i n t e r l o c k  t h a t  r e q u i r e d  one of t h e  wheels t o  c o n t a c t  t h e  ground be fo re  
r e v e r s e  p i t c h  was a c t u a t e d .  

The p r o p e l l e r s  

Guidance 
1 

Guidance f o r  t h e  instrument approaches was provided by t h e  ILS based a t  
Toulouse-Blagnac Ai rpor t  i n  France. The approach a i d s ,  procedures ,  and 
geometry are i l l u s t r a t e d  i n  f i g u r e  9 .  For t h e s e  t e s t s ,  both t h e  normal 
2-1/2'  lobe and a secondary lobe of t h e  g l i d e  s l o p e  w a s  used. The e l e v a t i o n  
of t h e  secondary lobe was 3 times t h a t  o f  t h e  primary lobe ( i  .e .  , 7-1/2") . 
Since t h e  p o l a r i t y  of t h i s  lobe is  oppos i t e  t h a t  o f  t h e  primary lobe ,  a 
switch was provided i n  t h e  cockpi t  t o  r e v e r s e  t h e  g l i d e  s l o p e  s i g n a l  a t  t h e  
cockp i t  course d e v i a t i o n  i n d i c a t o r .  
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Ins  trument a t  i o n  

A l l  q u a n t i t i e s  were recorded by o s c i l l o g r a p h s .  I n  a d d i t i o n  t o  
conventional f l i g h t  t e s t  parameters ( r o t a t i o n a l  rates and a t t i t u d e s ,  l i n e a r  
a c c e l e r a t i o n s ,  angles  o f  a t t a c k ,  s i d e s l i p ,  a i r s p e e d ,  e t c . )  , t h e  g l i d e  s l o p e  
and l o c a l i z e r  e r r o r s  were recorded. A t  a l t i t u d e s  below 200 f e e t ,  t h e  r a d a r  
a l t i m e t e r  s i g n a l  w a s  a l s o  recorded.  

TEST PROCEDURES AND CONDITIONS 

The t e s t s  were conducted a t  Toulouse-Blagnac Ai rpor t  i n  France under 
VFR and IFR c o n d i t i o n s .  
p i l o t  and a Breguet t e s t  p i l o t  with a f l i g h t  t e s t  eng inee r  aboard. 
landings and t a k e - o f f s  were made from a conc re t e  f i e l d  a t  an e l e v a t i o n  o f  499 
f e e t .  

The f l i g h t s  were made by a NASA o r  New York Airways 
A l l  

The a i r p l a n e  was p r i m a r i l y  flown wi th  t h e  c e n t e r  of g r a v i t y  a t  30.8 
pe rcen t  F and a t ake -o f f  gross  weight of 39,000 - pounds. A few f l i g h t s  were 
made with t h e  c e n t e r  of g r a v i t y  a t  25.0 p e r c e n t  c and a t ake -o f f  weight of 
41,000 pounds. The loading c o n s i s t e d  o f  t h e  t e s t  i n s t rumen ta t ion ,  wa te r  
b a l l a s t ,  and 5,500 pounds of  f u e l .  F i n a l  landing gross  - weights were about 
36,000 and 38,000 pounds a t  30.8 and 25.0 p e r c e n t  c ,  r e s p e c t i v e l y .  

During t h e  course of t h e  t e s t s ,  atmospheric cond i t ions  were observed 
and r e l ayed  by t h e  c o n t r o l  tower ad jacen t  t o  t h e  a c t i v e  runway. Winds were 
r epor t ed  as v e l o c i t y  and d i r e c t i o n  a t  t h e  s u r f a c e ;  winds a l o f t  were n o t  
recorded. 
and up t o  10 knots  o f  crosswind. Some of t h e  f l i g h t s  were under a c t u a l  IFR 
condi t ions with t h e  c e i l i n g  r epor t ed  as low as 150 f e e t .  

The r e p o r t e d  cond i t ions  v a r i e d  from calm t o  15 knots  o f  t a i l  wind 

RESULTS AND DISCUSSTON 

The f irst  p a r t  o f  t h i s  s e c t i o n  w i l l  p r e s e n t  t h e  o p e r a t i o n a l  envelopes 
f o r  t he  d i f f e r e n t  conf igu ra t ions  used p r i o r  t o  and during t h e  IFR approaches.  
Generally,  t h e s e  conf igu ra t ions  a r e  similar t o  those  t e s t e d  i n  r e f e r e n c e  9 
with minor f l a p  d e f l e c t i o n  changes. A n o t a b l e  excep t ion ,  however, i s  t h e  
i n c l u s i o n  of t ransparency t o  s t eepen  t h e  landing descen t .  Seve ra l  o t h e r  
changes have been made t o  t h e  a i r c ra f t  t o  improve i t s  ope ra t ion  and handl ing;  
t h e s e  were desc r ibed  i n  t h e  previous s e c t i o n  and are f u r t h e r  d i scussed  i n  t h e  
appendix. The second p a r t  o f  t h e  s e c t i o n  w i l l  be  based on t h e  r e s u l t s  o f  
f l y i n g  under IFR on 7-1/2' and 2-1/2'  g l i d e  s l o p e s .  The d i scuss ion  w i l l  b e  
based on about 25 instrument  approaches wi th  s e v e r a l  under a c t u a l  I F R  condi- 
t i o n s .  I n  t h e  f i n a l  s e c t i o n  an o v e r a l l  look w i l l  be  taken of t h e  o p e r a t i o n  
i n  t h e  t e rmina l  area. This w i l l  i nc lude  low a l t i t u d e  maneuvering on t ake -  
o f f  and landing,  and a comparison o f  d i f f e r e n t  d e c e l e r a t i o n  and descent  
p r o f i l e s  s t a r t i n g  from c r u i s e  c o n f i g u r a t i o n ,  i n t e r c e p t i n g  and t r a c k i n g  t h e  
ILS, and fo l lowing  through t o  a landing.  
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Ope r a t i o n a l  Envelopes 

Take-off and maneuvering.- The envelope given i n  f i g u r e  lO(a) i s  t h e  
same as t h a t  p re sen ted  i n  r e f e r e n c e  9 f o r  t h e  t ake -o f f  f l a p  d e f l e c t i o n  of 
45", except t h a t  t h e  curves are extended t o  d i f f e r e n t  power l e v e l s .  For 
t ake -o f f  t h e  aircraft  was r o t a t e d  a t  55 knots  ( W  = 39,000 l b )  and t h e  l i f t -  
o f f  w a s  a t  60 t o  65 kno t s .  After l i f t - o f f  t h e  ang le  o f  a t t a c k  was reduced 
t o  about 3",  and ang le  of a t t a c k  w a s  t hen  used as a primary r e f e r e n c e .  The 
t ake -o f f  climb g r a d i e n t  was about 10" with one engine ou t  and t h e  h i g h e r  
power product ion engines i n s t a l l e d .  This f l a p  c o n f i g u r a t i o n  a l s o  was used 
f o r  maneuvering when i t  was d e s i r e d  t o  maintain i n t e r m e d i a t e  a i r speeds  a t  low 
power. 

Preapproach and wave-off.-  This c o n f i g u r a t i o n  (6f = 72", T = 0") was 
used p r i o r  t o  f i n a l  approach when it  was d e s i r e d  t o  maintain l e v e l  f l i g h t  
f o r  extended pe r iods  a t  landing approach speeds and a l s o  during wave-off 
when high climb g r a d i e n t s  were r equ i r ed .  The envelope f o r  t h i s  conf igu ra t ion  
( f i g .  lO(b)) i s  t h e  same as r epor t ed  i n  r e f e r e n c e  9 except t h a t  i t  i s  
expanded t o  d i f f e r e n t  power l e v e l s .  The maximum climb g r a d i e n t  was about 
8" with one engine o u t .  

Approach and landing.-  The f l a p  d e f l e c t i o n  was n o t  f i x e d  f o r  approach 
and landing conf igu ra t ion ,  b u t  r a t h e r  was c o n t r o l l e d  between 72" and 98" 
(with simultaneous change i n  t ransparency between 0" and 12") by t h e  rocker-  
type switch on t h e  power l e v e r .  The envelope with maximum f l a p  d e f l e c t i o n  
and t ransparency (65 = 98", T = 12") i s  p resen ted  i n  f i g u r e  1O(c) . Compari- 
son of t h e s e  d a t a  with those f o r  wave-off ( f i g .  10 (b ) )  shows t h a t  t h e  f l i g h t  
path can be changed about 8" by t h e  thumb-controlled rocke r  switch with no 
change i n  power. A comparison of f i g u r e  lO(c) and 10(d) shows t h a t  t h e  
a d d i t i o n  o f  t ransparency a t  f i x e d  f l a p  d e f l e c t i o n  c o n t r i b u t e s  about h a l f  o f  
t h i s  change. 

Over t h e  range of  f l a p  d e f l e c t i o n s  from 72" t o  98" (and t ransparency 
from 0" t o  1 2 " ) ,  t h e r e  were l i t t l e  d i f f e r e n c e s  i n  s t a l l  speeds o r  cha rac t e r -  
i s t i c s  a t  t h e  approach power. The a i r p l a n e  had no d e f i n i t i v e  s t a l l  i n  t h e  
usual  s ense ;  i t  was e s t a b l i s h e d  as t h e  minimum a i r s p e e d  a t t a i n a b l e  as angle  
of a t t a c k  was slowly inc reased .  Inc reas ing  angle  o f  a t t a c k  beyond t h i s  
p o i n t  caused an i n c r e a s e  i n  a i r speed  and r a t e  o f  d e s c e n t ,  accompanied by 
l i g h t  b u f f e t i n g .  Control was adequate about a l l  t h r e e  axes;  because of t h e  
oppos i t e  r o t a t i o n  p r o p e l l e r s  , symmetry was maintained wi th  no bui ldup of 
s i d e s l i p  o r  r o l l i n g  moment. Figure 11 i s  a t ime h i s t o r y  o f  a t y p i c a l  s t a l l .  

The ILS approaches were conducted a t  0" t o  3" uncor rec t ed  angle  of 
a t t a c k ,  which provided about 10" c o r r e c t e d  angle  o f  a t t a c k  and 10-knot speed 
margin from t h e  s t a l l .  This corresponds t o  an approach speed o f  60 t o  65 I , 
knots on a 7-1/2" g l i d e  s l o p e ,  and r e q u i r e d  about 600 hp p e r  engine a t  maxi- 
mum f l a p  d e f l e c t i o n  and t ransparency.  Operation a t  t h i s  approach cond i t ion  I 

was q u i t e  comfortable and t h e  s t a l l  margin was considered adequate.  With t h e  I 

f l a p s  f u l l y  d e f l e c t e d  and t ransparency a t  12"  , applying f u l l  power a r r e s t e d  
t h e  descent ,  b u t  provided l i t t l e  climb g r a d i e n t .  Moving t h e  rocke r  switch on 
t h e  t h r o t t l e ,  however, qu ick ly  changed t h e  f l a p  d e f l e c t i o n  and t ransparency 

I t 

i 
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which could b e  stopped any p l a c e  between 72" and 98" and 0" t o  1 2 " ,  respec-  
t i v e l y .  This c o n t r o l  was e f f e c t i v e  f o r  providing l a r g e  changes i n  f l i g h t  
path without  changing power, a i r s p e e d ,  o r  s t a l l  margins, and it  pe rmi t t ed  a 
q u i t e  comfortable wave-off with one engine i n o p e r a t i v e .  

I F R  Operation 

The h e a r t  of s u c c e s s f u l  STOL ope ra t ions  l i es ,  o f  course,  i n  t h e  a b i l i t y  
t o  perform s t e e p  approaches and climbouts s a f e l y  and exped i t ious ly  under a l l  
types of o p e r a t i o n a l  cond i t ions .  The a b i l i t y  of t h e  t e s t  a i r p l a n e  t o  accom- 
p l i s h  t h i s  i n  v i s u a l  f l i g h t  cond i t ions  has  been amply demonstrated i n  p re -  
vious t e s t s  ( r e f .  9 ) .  I n  t h e  c u r r e n t  t e s t s  a i rc raf t  performance and handl ing 
q u a l i t i e s  were eva lua ted  p r i m a r i l y  during instrument  approaches made on 2-1/2" 
and 7-1/2" g l i d e  s l o p e s  i n  t h e  more s t r i n g e n t  environment of instrument  f l i g h t .  
These ILS approaches and cond i t ions  a r e  summarized i n  t a b l e  11. 

7-1/2" ILS approaches.-  An example of a 7-1/2" ILS approach and landing 
performed under a c t u a l  IFR cond i t ions  i s  given i n  f i g u r e  1 2 .  P r i o r  t o  g l i d e  
s l o p e  i n t e r c e p t  , t h e  a i rc raf t  was d e c e l e r a t e d  and t h e  f l a p s  were p o s i t i o n e d  
t o  t h e  preapproach c o n f i g u r a t i o n .  The uncorrected angle  o f  a t t a c k  during 
t h i s  t r a n s i t i o n  w a s  maintained a t  about 0 " .  J u s t  p r i o r  t o  i n t e r c e p t i n g  t h e  
g l i d e  s l o p e ,  t h e  a i r c r a f t  was p i t c h e d  about 7-1/2" nose down; s imultaneously,  
t h e  f l a p s  were d e f l e c t e d  t o  98" and f u l l  t ransparency (12") was inco rpora t ed  
by use of t h e  thumb-actuated switch on t h e  l e f t - h a n d  t h r o t t l e .  Using t h i s  
technique, only minor power adjustments were r e q u i r e d  t o  t r a c k  t h e  g l i d e  
s l o p e  while  t h e  uncorrected angle  o f  a t tack was maintained between -2"  and 
+3" by t h e  l o n g i t u d i n a l  c o n t r o l .  
t h e  average r a t e  o f  descent  w a s  about 800 f t / m i n .  During t h e  approach shown 
i n  f i g u r e  1 2 ,  t h e  c e i l i n g  and v i s i b i l i t y  were r e p o r t e d  as 150 f e e t  and 1 m i l e ,  
r e s p e c t i v e l y ;  however, t h e  p i l o t  was a b l e  t o  acqu i r e  t h e  touchdown s p o t  
v i s u a l l y  a t  l e a s t  50 f e e t  be fo re  breaking out of t h e  o v e r c a s t .  Assuming a 
breakout a l t i t u d e  of 200 f e e t ,  t h e  s l a n t  range t o  touchdown on t h e  7-1/2" 
s l o p e  was 1500 f e e t ;  t h i s  allowed about 1 2  seconds during which minor 
c o r r e c t i o n s  t o  t h e  a i r c ra f t ' s  f l i g h t  pa th  could be made b e f o r e  i n i t i a t i n g  
t h e  landing f l a r e .  The p i l o t  f e l t  t h a t  t h e  time a v a i l a b l e  t o  maneuver t h e  
a i r c r a f t ,  make d e c i s i o n s ,  and c o r r e c t  f o r  crosswind and o f f s e t  was more than 
ample, and provided a f e e l i n g  of s e c u r i t y  seldom enjoyed by p i l o t s  of 
conventional a i r c r a f t  landing a t  h i g h e r  speeds under similar atmospheric 
cond i t ions  . 

The approach speed w a s  about 65 knots  and 

To reduce t h e  number of v a r i a b l e s  t h a t  must be monitored du r ing  t h e  
approach, t h e  p i l o t  l i k e s  t o  maintain a cons t an t  angle  o f  a t t a c k ,  p a r t i c u -  
l a r l y  s i n c e  t h i s  parameter i s  used t o  maintain an adequate margin from t h e  
s t a l l .  The requirement f o r  good ang le -o f -a t t ack  s t a b i l i t y  i s  g r e a t e r  during 
instrument f l i g h t ,  s i n c e  t h e r e  are no v i s u a l  r e f e r e n c e s ,  and t h e  p i l o t  must 
i n t e r p r e t  t h e  i n d i c a t i o n s  of s e v e r a l  instruments  t o  c o n t r o l  h i s  f l i g h t  pa th  
p rope r ly .  During t h e  c u r r e n t  tes ts ,  ang le -o f -a t t ack  excursions of 53" 
occurred when t h e  c .g .  w a s  a t  30 pe rcen t  c. 
somewhat excess ive ,  and cons ide rab le  p i l o t  e f f o r t  was r e q u i r e d  t o  maintain 
t h e  d e s i r e d  va lue .  The s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  f o r  t h e  t e s t  a i r c ra f t  
i n  v i s u a l  f l i g h t  cond i t ions  was r e p o r t e d  i n  r e f e r e n c e  9 t o  b e  somewhat low 

These excursions were considered 
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( P R  = 4 4 2 ) .  
When t h e  c .g .  was a t  25 pe rcen t  TT,  t h e  l o n g i t u d i n a l  s t a b i l i t y  was cons idered  
s a t i s f a c t o r y  i n  smooth a i r  f o r  VFR and I F R  ( P R  = 3 ) .  Figure 13 shows t h e  
v a r i a t i o n  of  e l e v a t o r  angle  wi th  uncorrec ted  angle  o f  a t t a c k  f o r  t h e s e  two 
c .g .  l o c a t i o n s .  
angle  of a t t a c k  i s  roughly doubled when t h e  c .g .  i s  moved from 30 p e r c e n t  t o  
25 pe rcen t  F;  however, i n  e i t h e r  case, t h e  ang le -o f -a t t ack  s t a b i l i t y  (Ma) i s  
s o  low ( t a b l e  111) t h a t  t h e  p i l o t  could d i s c e r n  l i t t l e  d i f f e r e n c e  i n  t h e  
dynamic response .  Consequently,  i t  i s  assumed t h a t  t h e  s t i c k  f o r c e  g r a d i e n t ,  
which a l s o  was doubled, p layed  an important  p a r t  i n  improving t h e  hand l ing  of  
t h e  a i r c ra f t  a t  t h e s e  low speeds .  References 1 2  and 13 a l s o  show t h a t  accept -  
ab le  t o  s a t i s f a c t o r y  r a t i n g s  can be  obta ined  wi th  such low 
small changes i n  Ma can cause s i g n i f i c a n t  changes i n  p i l o t  r a t i n g s .  

The same r a t i n g  and comments apply under  ins t rument  cond i t ions .  

The v a r i a t i o n  o f  e l e v a t o r  angle  wi th  ang le  o f  a t t a c k  a t  3' 

Ma and t h a t  

I t  i s  seen  i n  f i g u r e  1 2  t h a t  heading changes of 210" occurred  dur ing  t h e  
IFR approach; however, because o f  t h e  low a i r speed ,  t h e s e  excurs ions  d i d  no t  
cause l a r g e  l a t e r a l  d i sp lacements .  This  poor  heading c o n t r o l  i s  cha rac t e r -  
i s t i c  of  v e h i c l e s  ope ra t ing  a t  low a i r speeds  where small bank angles  r e s u l t  
i n  l a r g e  t u r n  ra tes  t h a t  qu ick ly  lead  t o  l a r g e  heading  changes.  With expe r i -  
ence,  t h i s  problem became l e s s  s i g n i f i c a n t .  Seve ra l  f a c t o r s  c o n t r i b u t e d  t o  
t h e  d i f f i c u l t y  i n  main ta in ing  wings l e v e l  f l i g h t ;  (1) an a t t i t u d e  i n d i c a t o r  
which was n o t  easy t o  read;  ( 2 )  a t t e n t i o n  be ing  d i v e r t e d  from t h e  a t t i t u d e  
i n d i c a t o r ;  and (3) a l a g  i n  t h e  l a t e ra l  c o n t r o l  system, which e f f e c t i v e l y  
reduced t h e  r o l l  damping (d iscussed  i n  t h e  appendix) .  The e f f e c t i v e  damping 
with t h e  l a g  was accep tab le  (PR = 4 ) ,  and i f  t h e  l a g  were e l imina ted  t h e  
aerodynamic damping would b e  s a t i s f a c t o r y .  
and considered s a t i s f a c t o r y  ( P R  = 3) ;  t h e  a i r c r a f t  a t t i t u d e  was reduced t o  
1 / 2  amplitude i n  10 seconds .  
b e s t  be  a l l e v i a t e d  wi th  a bank command i n d i c a t o r ,  such as  i s  commonly used 
i n  t h e  l a t e ra l  a x i s  o f  a s t anda rd  f l i g h t  d i r e c t o r .  

The s p i r a l  s t a b i l i t y  was p o s i t i v e  

The problem o f  heading c o n t r o l  could probably 

I n  s p i t e  o f  t h e  angle  o f  a t tack  and heading excurs ions  noted  p rev ious ly ,  
a l l  7-1/2" ILS approaches were t r acked  t o  a "window" a t  200 fee t  a l t i t u d e  
t h a t  was 210 f e e t  h igh  ( E ~  = k0 .4 " )  and i-100 f e e t  wide ( E ,  = i-0.5"). 
accuracy i s  comparable t o  t h a t  r equ i r ed  f o r  ca tegory  I1 type  approaches 
with convent ional  a i r c r a f t  on t h e  2"  t o  3" ILS. 

This  

n 
5 

Acquiring t h e  7-1/2" -. 1LS.- The nond i rec t iona l  r a d i o  beacon (NDB)  
.ormally used t o  i n d i c a t e  t h e  2 - 1 / 2 "  g l i d e  s l o p e  i n t e r c e p t  p o i n t  was loca ted  
.46  nm from t h e  end o f  t h e  runway, and t h e  7-1/2" ILS i n t e r c e p t e d  i t  a t  

an a l t i t u d e  o f  4500 f e e t .  When t h i s  i n t e r c e p t  a l t i t u d e  was used ,  t h e  time 
r equ i r ed  t o  t r a v e r s e  t h i s  d i s t a n c e  and make t h e  approach was cons idered  exces- 
s i v e .  
mine t h e  minimum time r e q u i r e d  f o r  t h e  p i l o t  t o  p rope r ly  e s t a b l i s h  t h e  
a i r c ra f t  on t h e  ILS. From these  t e s t s  ( runs 6-3,  6-4,  6 -5 ,  16-6, and 18-1) 
i t  was concluded t h a t  1500 f e e t  would be  about t h e  lowest a l t i t u d e  acceptab le  
t o  t h e  p i l o t  under ins t rument  cond i t ions ;  t h i s  a l t i t u d e  would provide a t  
least  90 seconds on t h e  g l i d e  s l o p e  be fo re  t h e  p i l o t  reached a minimum dec i -  
s i o n  a l t i t u d e  of 200 f e e t ,  and i s  c o n s i s t e n t  wi th  t h e  f ind ings  o f  r e f e r -  
ence 10 f o r  a comparable t a s k  wi th  a h e l i c o p t e r .  Gl ide-s lope  i n t e r c e p t  a t  
1500 fee t  occurred  r a t h e r  r a p i d l y ,  and could e a s i l y  have been missed by t h e  
p i l o t ,  p a r t i c u l a r l y  s i n c e  t h e  nond i rec t iona l  beacon was noncoincident  wi th  

The g l i d e  s l o p e  i n t e r c e p t  a l t i t u d e  was p r e g r e s s i v e l y  lowered t o  d e t e r -  
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t h e  7-1/2" g l i d e  s l o p e  i n t e r c e p t  a t  1500 f e e t .  
ILS used f o r  f i n a l  approach guidance during t h e  7-1/2" approaches was consid- 
e red  adequate f o r  t e s t  purposes;  however, it would n o t  b e  accep tab le  f o r  
o p e r a t i o n a l  use because o f  t h e  high s e n s i t i v i t y  a t  lower a l t i t u d e s .  

The secondary lobe of t h e  

The r equ i r ed  r a t e  of descent  on t h e  7-1/2" approach i s  a f f e c t e d  by 
wind v e l o c i t y  t o  a much g r e a t e r  degree than on t h e  s t anda rd  ILS. To t r a c k  
t h e  7-1/2" ILS s u c c e s s f u l l y  wi th  a 10-knot t a i l  wind, t h e  a i rc raf t  must b e  
capable of a t  l e a s t  a 1000 f t /min  descent compared t o  800 f t /min  with no 
wind. I n  a d d i t i o n  t o  t h i s  "steady state" o r  average descent  c a p a b i l i t y ,  a 
margin of f l i g h t  path c o n t r o l  i s  r equ i r ed  by t h e  p i l o t  t o  adequately acqu i r e ,  
o r  r e a c q u i r e ,  t h e  g l i d e  s l o p e .  
f o r  a 7-1/2" ILS g l i d e  s l o p e .  
parency t h e  descent  c a p a b i l i t y  on a 7-1/2" ILS was marginal .  
i)arency t h e  descent  c a p a b i l i t y  was adequate f o r  a l l  wind cond i t ions  
encountered. 
during t h e  course of t h e s e  t e s t s ,  t h e  p i l o t s  i n d i c a t e d  a r e l u c t a n c e  t o  exceed 
1000 f t /min r a t e  of  descent  when c l o s e  t o  t h e  ground. This va lue  i s  b e l i e v e d  
t o  be a p r a c t i c a l  l i m i t  t o  t h e  maximum s i n k  r a t e  t h e  p i l o t  w i l l  t o l e r a t e  
below about 100 f e e t .  

A margin of 1" t o  2" i s  be l i eved  s u f f i c i e n t  
I t  was noted by t h e  p i l o t  t h a t  without t r a n s -  

With t r a n s -  

Although approaches s t e e p e r  t han  7-1/2" were n o t  attempted 

F l igh t -pa th  c o n t r o l . -  During t h e  approach, t h e  e l e v a t o r  was used t o  
maintain t h e  d e s i r e d  angle  of a t t a c k  b u t  was no t  considered t h e  primary 
f l i g h t  path c o n t r o l ,  because a simultaneous change i n  power was r equ i r ed  t o  
avoid undes i r ab le  a i r speed  and ang le -o f -a t t ack  excur s ions .  The modulation 
of engine power was considered t h e  primary c o n t r o l  f o r  t r a c k i n g  t h e  g l i d e  
s l o p e  o r  making s m a l l  adjustments t o  t h e  f l i g h t  p a t h .  The d i r e c t  change i n  
l i f t  a s s o c i a t e d  with power changes qu ick ly  produced t h e  d e s i r e d  change i n  
f l i g h t - p a t h  ang le .  The p i t c h i n g  moments r e s u l t i n g  from t h e s e  power changes 
without t h e  t h r o t t l e - e l e v a t o r  i n t e r c o n n e c t ,  however, compromised t h e  p i l o t ' s  
a b i l i t y  t o  maintain t h e  d e s i r e d  angle  o f  a t t a c k .  

Figure 14 p r e s e n t s  t h e  response c h a r a c t e r i s t i c s  produced by a t h r o t t l e  
s t e p  without t h e  t h r o t t l e - e l e v a t o r  i n t e rconnec t  ( f i g .  5) normally used. The 
time h i s t o r y  of a t h r o t t l e  decrease ( f i g .  14 (a ) )  shows t h a t  a nega t ive  acce l -  
e r a t i o n  was obtained i n  about 1 second; however, t h e  nose-up moment produced 
by t h e  t h r u s t  change inc reased  t h e  angle  of a t t a c k ,  which i n  t u r n  reduced 
both t h e  d e s i r e d  change i n  v e r t i c a l  a c c e l e r a t i o n  and t h e  a i r s p e e d .  
i n d i c a t e d  i n  r e fe rence  9 ,  t h e s e  undes i r ab le  e f f e c t s  were reduced t o  a sa t i s -  
f a c t o r y  level  by t h e  t h r o t t l e - e l e v a t o r  i n t e r c o n n e c t .  The l a g  between 
t h r o t t l e  a c t u a t i o n  and power ( t h r u s t )  output  of over  1 second was accep tab le .  

A s  

Since t ransparency s i g n i f i c a n t l y  inc reased  t h e  s t e a d y - s t a t e  f l i g h t - p a t h  
angle  without  i n c r e a s i n g  t h e  approach speed ( c f .  f i g s .  1O(c) and lO(d ) ) ,  and 
s i n c e  t h e  magnitude could b e  c o n t r o l l e d  by means of t h e  t h r o t t l e  mounted 
swi t ch ,  t ransparency was eva lua ted  as a f l i g h t - p a t h  c o n t r o l .  I t  was found 
t h a t  t h e  i n i t i a l  f l i g h t - p a t h  change was i n  t h e  wrong d i r e c t i o n .  This i s  
shown i n  f i g u r e  15(a> which gives  t h e  time h i s t o r y  f o r  t h e  a i r c ra f t  response 
t o  a t ransparency s t e p  with t h e  f l a p  d e f l e c t i o n  and l o n g i t u d i n a l  s t i c k  p o s i -  
t i o n  f ixed .  Corresponding s ta t ic  trimmed d a t a  ( f i g .  16) show t h a t  only a 
small p o r t i o n  of t h e  e l e v a t o r  range i s  r equ i r ed  t o  t r i m  t h e  nose-up p i t c h i n g  
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moments caused by i n c r e a s i n g  t ransparency;  however, it can b e  seen  i n  f i g -  
u r e  15 (a) t h a t  t h e  nose-up p i t c h i n g  a c c e l e r a t i o n  i s  s u f f i c i e n t  t o  i n c r e a s e  
angle of a t t a c k ,  which produces a v e r t i c a l  a c c e l e r a t i o n  and a p o s i t i v e  f l i g h t -  
path angle  change b e f o r e  t h e  nega t ive  change, corresponding t o  t h e  s t eady-  
s t a t e  increment,  i s  a t t a i n e d .  This i n c o r r e c t  response negates  t h e  use  of 
t ransparency,  by i t s e l f ,  as a p r e c i s e  f l i g h t - p a t h  c o n t r o l .  To reduce t h i s  
p i t c h i n g  moment, t h e  f l a p s  were ope ra t ed  s imultaneously wi th  t r anspa rency .  
The a i rcraf t  response t o  t h i s  combination is  shown i n  f i g u r e  15 (b ) .  
i n c o r r e c t  i n i t i a l  response i s  reduced; however, i t  s t i l l  takes s e v e r a l  seconds 
t o  produce a s i g n i f i c a n t  i n c r e a s e  i n  descent  ang le .  While t h i s  combination 
was s t i l l  considered u n s a t i s f a c t o r y  f o r  p r e c i s e  c o n t r o l ,  it was very u s e f u l  
f o r  making gross  changes i n  f l i g h t  p a t h ,  such as i n t e r c e p t i n g  t h e  g l i d e  path 
o r  i n i t i a t i n g  a go-around because f l i g h t - p a t h  changes up t o  10" could 
be made without  changing power. 
it would b e  necessary t o  in t e rconnec t  t ransparency and e l e v a t o r  o r  i n c r e a s e  
t h e  s t a t i c  s t a b i l i t y  of t h e  a i rc raf t .  

The 

e a s i l y  
To f u r t h e r  reduce t h e  i n c o r r e c t  response,  

Landing: The normal landing procedure i s  t o  i n i t i a t e  a f l a r e  about 
20 f e e t  above t h e  ground. The a i rcraf t  i s  r o t a t e d  t o  a t  l e a s t  a l e v e l  a t t i -  
tude,  and t h e  i n c r e a s e  i n  angle  of a t t a c k  produces s u f f i c i e n t  v e r t i c a l  acce l -  
e r a t i o n  t o  reduce t h e  descent  v e l o c i t y  from about 800 t o  about 300 f t /min  a t  
touchdown. This "ha l f  f lare" t akes  about 4 seconds.  I t  was made a t  a l t i t u d e  
f o r  b e t t e r  documentation. The r e s u l t s  ( f i g .  17) show t h a t  0 . 1  g v e r t i c a l  
a c c e l e r a t i o n  i s  developed w i t h i n  2 seconds,  t h e  g l i d e  angle  i s  reduced 4", 
and t h e  a i r speed  i s  reduced 5 k n o t s .  The maximum v e r t i c a l  a c c e l e r a t i o n  
measured f o r  an abrupt  a t t i t u d e  change a t  a l t i t u d e  was 0 . 2 5  g; when power was 
app l i ed  i n  a d d i t i o n  t o  e l e v a t o r ,  0 . 4  g was ob ta ined .  I t  was found t h a t  t h e  
maximum a c c e l e r a t i o n  used during any approach o r  landing was 0 . 1  g.  The 
p i l o t s  f e l t  t h a t  s u f f i c i e n t  v e r t i c a l  a c c e l e r a t i o n  was a v a i l a b l e  f o r  STOL 
type approaches and l and ings .  

The h a l f  f l a r e  landing i n c r e a s e s  p r e c i s i o n  i n  touchdown because t h e  
con tac t  p o i n t  i s  c l o s e r  t o  a s t r a i g h t  l i n e  ex tens ion  of t h e  approach f l i g h t  
p a t h ,  and hence, eases t h e  judgment problem. F u r t h e r ,  t h e  l a r g e  d i s p e r s i o n s  
a s s o c i a t e d  with f l o a t i n g  down t h e  runway when a f u l l y  f l a r e d  landing i s  per-  
formed are e l imina ted .  The p i l o t s  a l s o  r e p o r t e d  g r e a t e r  cons i s t ency  i n  land- 
i n g  performance wi th  t ransparency than without  t r anspa rency .  While t h i s  was 
no t  documented, it seems reasonable  t o  expect t h a t  t h e  a i rc raf t  would b e  
less d i s t u r b e d  nea r  t h e  ground with t ransparency s i n c e  t h e  span loading i s  
d i s t o r t e d  t o  s i m u l a t e  a lower a s p e c t - r a t i o  wing. 

Landing gea r  design i s  important i n  making t h e s e  h a l f  f l a r e  landings;  
not  only do t h e  h i g h e r  touchdown v e l o c i t i e s  n e c e s s i t a t e  a h i g h e r  design s i n k  
speed, b u t  more important  , t h e  energy abso rp t ion  c h a r a c t e r i s t i c s  must avoid 
rebound and impart  low a c c e l e r a t i o n  t o  t h e  pas senge r s .  The " so f t "  gea r  of 
t h e  Breguet s a t i s f i e d  t h e s e  requirements ,  and t h e  peak v e r t i c a l  a c c e l e r a t i o n  
at t h e  c .g .  was 0 . 5  g a t  300 f t /min  touchdown v e l o c i t y .  

2- 1 /2"  ILS approaches.  . .- - The 2- 1 / 2 "  approaches were examined because STOL 
a i rc raf t  are a t  t imes  r e q u i r e d  t o  ope ra t e  with convent ional  approach f a c i l i -  
t i e s .  
and d e c e l e r a t i n g  during t h e  approach reduces t h e  nonproductive time f o r  

Also some r e p o r t s  have suggested t h a t  approaching a t  shallow angles  

1 2  
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V/STOL a i r c ra f t .  The i n i t i a l  approaches were made i n  a STOL conf igu ra t ion  
and speed us ing  t h e  same p a t t e r n  and 1500-feet i n t e r c e p t  a l t i t u d e  normally 
used by conventional a i rc raf t  on t h e  s t a n d a r d  2-1/2" ILS. 
t o  t r a v e r s e  t h e  d i s t a n c e  from g l i d e  s l o p e  i n t e r c e p t  a t  1500-feet a l t i t u d e  
t o  t h e  end of t h e  runway (5.46 nm) a t  about 60 knots  was about 6 minutes,  
which t h e  p i l o t  considered excess ive .  
t he  approach was q u i t e  high and t h e  ra te  of descent  was s o  low t h a t  a t  t imes,  
when c o r r e c t i o n s  were be ing  made t o  t h e  g l i d e  s l o p e ,  t h e  a i rcraf t  was n o t  
descending a t  a l l .  Breakout t o  v i s u a l  cond i t ions  from t h e s e  approaches a t  an 
a l t i t u d e  o f  about 250 feet  l e f t  t h e  p i l o t  i n  t h e  uncomfortable p o s i t i o n  t h a t  
t he  a i rc raf t  was s t i l l  some d i s t a n c e  from t h e  runway a t  a low a l t i t u d e .  The 
tendency was t o  level  t h e  a i r c ra f t  and f l y  t o  a p o i n t  where a more normal STOL 
descent  could be i n i t i a t e d .  The t i m e  r equ i r ed  t o  complete t h e  I F R  approach 
was reduced by lowering t h e  g l i d e  s l o p e  i n t e r c e p t  a l t i t u d e  s o  t h a t  t h e  f i n a l  
approach l e g  on t h e  2-1/2" ILS was shortened ( f i g .  9 ) .  During one approach 
(no. 8-8) ,  t h e  g l i d e  s l o p e  was i n t e r c e p t e d  a t  600 f e e t .  Although t h e r e  was 
adequate t i m e  t o  e s t a b l i s h  a s t a b i l i z e d  descent  b e f o r e  breakout ,  t h e  approach 
was no t  considered comfortable f o r  t h e  same reasons p o i n t e d  ou t  e a r l i e r ,  and, 
hence, would not  b e  recommended as an o p e r a t i o n a l  procedure.  

The t i m e  r e q u i r e d  

I n  a d d i t i o n ,  t h e  t h r u s t  r e q u i r e d  during 

A more p r a c t i c a l  way t o  approach on t h e  convent ional  2 -1 /2"  ILS i s  t o  
use a reduced f l a p  d e f l e c t i o n ,  which permits  a h i g h e r  i n i t i a l  approach speed. 
However, with in t e rmed ia t e  f l a p  d e f l e c t i o n s  (40" t o  SO") ,  t h e  descent  capab i l -  
i t y  was no t  s u f f i c i e n t  t o  permit  t h e  2-1/2" g l i d e  s l o p e  t o  b e  t r acked  
adequately a t  t h e  d e s i r e d  angle  of a t t a c k .  I n  a d d i t i o n ,  t h e  inc reased  
approach speed i n c u r r e d  an excess ive  d e c e l e r a t i o n  d i s t a n c e  b e f o r e  touchdown. 
Figure 18 p r e s e n t s  a time h i s t o r y  of an approach made a t  about 115 knots  with 
25" f l a p  d e f l e c t i o n  u n t i l  breakout  a t  200 f e e t  where t h e  a i r c r a f t  was dece le r -  
a t e d  t o  t h e  STOL conf igu ra t ion  and then landed a t  60 k n o t s .  This landing 
procedure was n o t  considered very s a t i s f a c t o r y  because of t h e  poor dece le ra -  
t i o n  and a s s o c i a t e d  long d i s t a n c e  from breakout t o  landing.  The most s a t i s -  
f a c t o r y  conf igu ra t ion  t e s t e d  on t h e  2-1/2" approach was a 55" f l a p  d e f l e c t i o n  
a t  80 kno t s .  This approach (run 15-31 i n  F ig .  19) provided an adequate 
descent  c a p a b i l i t y  and a l s o  pe rmi t t ed  a comfortable t r a n s i t i o n  t o  t h e  STOL 
conf igu ra t ion  t o  be accomplished between breakout  (200 f t )  and touchdown. 
Following t h i s  procedure t h e  t o t a l  approach and landing d i s t a n c e  was l i t t l e  
more than i f  t h e  STOL conf igu ra t ion  had been maintained throughout t h e  2-1/2" 
approach. 

A d e c e l e r a t i n g  approach would be most a t t r a c t i v e  as a means of reducing 
nonproductive time s i n c e  it allows a r e l a t i v e l y  high speed t o  b e  maintained 
u n t i l  t h e  f i n a l  descent  t o  a landing i s  commenced. 
an approach (run 16-3) i t  w a s  found t h a t  t h e  p i l o t  was unable t o  c o n t r o l  t h e  
many changing v a r i a b l e s  p rope r ly  while  s imultaneously t r a c k i n g  t h e  ILS g l i d e  
s l o p e .  Figure 20 i l l u s t r a t e s  t h e  complexity of t h i s  t a s k  by t h e  l a r g e  excur- 
s i o n s  i n  a i r s p e e d ,  g l i d e  s l o p e  e r r o r ,  and l o c a l i z e r  e r r o r .  Fu r the r  work with 
improved guidance and d i s p l a y  information - f o r  example, f l i g h t  d i r e c t o r  o r  
a l t e r e d  beam width as i n  r e f e r e n c e  11 - and improved hand l ing  q u a l i t i e s ,  such 
as s t a b i l i t y  augmentation, should b e  done t o  determine methods o f  reducing 
nonproductive time without  i n c r e a s i n g  p i l o t  workload. 

I n  an at tempt  t o  f l y  such 
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Take-off and climb. - The a c c e l e r a t i o n  and climb c h a r a c t e r i s t i c s  o f  t h e  
a i r c r a f t  are i l l u s t r a t e d  by two t ake -o f f  t ime h i s t o r i e s  o f  f i g u r e  2 1 .  
f irst  t i m e  h i s t o r y  shows t h a t  a f te r  t a k e - o f f ,  t h e  a i rcraf t  could b e  a c c e l e r -  
a t e d  a t  0.2 g t o  c r u i s e  conf igu ra t ion ;  t h e  second shows t h a t  t h e  a i rcraf t  can 
b e  maintained a t  80 knots  with a 1 2 "  climb ang le .  As d i scussed  i n  refer-  
ence 9 ,  t h e  p i l o t  was n o t  g r e a t l y  concerned about t h e  l o s s  o f  an engine dur- 
i n g  t ake -o f f  because t h e  c ros s - sha f t ed  t r ansmiss ion  system maintained 
symmetry, c o n t r o l ,  and a high climb g r a d i e n t  ( l o s s  of an engine reduced climb 
angle  from 12" t o  8" ) .  
1963 NASA t e s t s  by reducing t h e  f l a p  r e t r a c t i o n  ra te  from 10 t o  2-1/2"/sec 
and by in t e rconnec t ing  t h e  s t a b i l i z e r  and f l a p  t o  pe rmi t  f l a p  r e t r a c t i o n  i n  
one s t e p  without  cons t an t  retrimming. These t a k e - o f f s  and climbouts were 
simple t o  perform during VFR o r  IFR cond i t ions ;  t h e  procedures .and hand l ing  
c h a r a c t e r i s t i c s  were similar t o  those  o f  a convent ional  turboprop t r a n s p o r t .  

The 

The climb procedure had been s i m p l i f i e d  s i n c e  t h e  

I n  some cases ,  i t  may be d e s i r e d  o r  r e q u i r e d  t o  change heading s h o r t l y  
a f t e r  t a k e - o f f .  Figure 2 2  p r e s e n t s  a s p i r a l  t a k e - o f f  i n  which t h e  a i r c r a f t  
i s  banked s h o r t l y  a f t e r  t a k e - o f f .  By t h e  t ime t h e  a i r c r a f t  reached 150-feet  
a l t i t u d e ,  i t  was i n  a climbing t u r n  a t  about 20" bank ang le  and 80 k n o t s .  
t h i s  maneuver, t h e  f l a p s  were l e f t  i n  t h e  t a k e - o f f  p o s i t i o n  (45') and t h e  
r e s u l t i n g  s p i r a l  was less than 4,000 f e e t  i n  diameter .  With t h e  s a t i s f a c t o r y  
s t a b i l i t y ,  c o n t r o l ,  s t a l l  margins, and s a f e t y  o f  t h i s  STOL a i r c r a f t ,  t h e  
t ake -o f f  maneuver was easy and comfortable t o  make. 

For 

Approach and landing.-  I__ A time h i s t o r y  of t h e  t r a n s i t i o n  from c r u i s e  
conf igu ra t ion  t o  landing speed a t  cons t an t  a l t i t u d e  i s  p resen ted  i n  f i g u r e  23. 
This t r a n s i t i o n  was made with t h r e e  engines a t  ground i d l e  t o  reduce t h e  
power l e v e l  and i n c r e a s e  t h e  maximum d e c e l e r a t i o n  c a p a b i l i t y ,  b u t  t h e  average 
d e c e l e r a t i o n  was only 0 . 1  g .  This low d e c e l e r a t i o n  i s  d i r e c t l y  r e l a t e d  t o  
t h e  inadequate  descent  c a p a b i l i t y  i n  t h e  i n t e r m e d i a t e  f l a p  c o n f i g u r a t i o n .  
Although t h e  low f l a p  extension r a t e  of 2-1/2O/sec c o n t r i b u t e d  t o  l i m i t i n g  
t h e  d e c e l e r a t i o n  c a p a b i l i t y ,  t h e  h i g h e r  r a t e  of 10° / sec  used i n  1963 ( r e f .  9) 
d i d  not  s o l v e  t h e  problem. I n  those  t e s t s  i t  was d i f f i c u l t  t o  avoid 
l lballooning" and it  was necessary t o  make t h e  t r a n s i t i o n  i n  s t e p s .  A t  t h e s e  
in t e rmed ia t e  speeds,  i nc reased  drag (from s p o i l e r s  o r  reduced t h r u s t  l e v e l s )  
should be provided t o  i n c r e a s e  d e c e l e r a t i o n  c a p a b i l i t y  and reduce non- 
product ive time f o r  STOL t r a n s p o r t s .  

Data from t h e  2-1 /2 '  and 7-1/2" approaches and t h e  t r a n s i t i o n  were used 
t o  look a t  t h e  t e rmina l  a r e a  ope ra t ion  of a STOL a i r c r a f t  under I F R .  I t  was 
assumed t h a t  (1) t h e  a i rc raf t  i s  d e c e l e r a t e d  t o  120 knots  and s imultaneously 
vectored t o  t h e  d e s i r e d  p o i n t  where t h e  approach i s  i n i t i a t e d ;  (2) a d d i t i o n a l  
beacons and markers provide t h e  p i l o t  w i th  a b e t t e r  r e f e r e n c e  f o r  t h e  7-1/2' 
ILS; ( 3 )  t h e  ILS beam h e i g h t  i s  + 1 / 2 O ;  (4)  t h e  i n t e r c e p t  a l t i t u d e  r a t h e r  t han  
h o r i z o n t a l  i n t e r c e p t  i s  1500 f e e t ;  and (5) t h e  c e i l i n g  i s  200 f e e t .  Fu r the r ,  
a 30-second s t a b i l i z a t i o n  p e r i o d  i s  assumed between major changes i n  a i r c ra f t  
conf igu ra t ion  and f l i g h t  path while  under IFR. 
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The r e s u l t s  o f  t h r e e  types o f  approaches are summarized i n  f i g u r e  24.  
I n  t h e  f irst  approach (A) t h e  a i rcraf t  d e c e l e r a t e d  t o  60 knots  b e f o r e  i n t e r -  
c e p t i n g  t h e  7-1/2" ILS. This g l i d e  s l o p e  was t r acked  through breakout and 
landing a t  an a i r s p e e d  of 60 k n o t s .  The t o t a l  time requ i r ed  was c a l c u l a t e d  
t o  be 190 seconds. I n  t h e  second approach (B) t h e  a i rc raf t  i n t e r c e p t e d  t h e  
2-1 /2"  ILS a t  120 kno t s ,  cont inued a t  t h i s  speed till breakout  a t  200 f ee t ,  
d e c e l e r a t e d  t o  60 knots  under VFR c o n d i t i o n s ,  and completed t h e  landing.  The 
t o t a l  c a l c u l a t e d  t i m e  was 240 seconds.  (The touchdown p o i n t  is  no t  a 
con t inua t ion  of t h e  ILS beam because of t h e  combined requirement f o r  d e c e l e r -  
a t i o n  and p r e f e r e n c e  f o r  a s t e e p e r  f i n a l  approach than 2-1/2".) In  t h e  t h i r d  
approach (C) t h e  a i rcraf t  i n t e r c e p t e d  t h e  2-1/2" ILS a t  120 knots ;  a t  1200 
feet ,  t h e  a i rcraf t  was d e c e l e r a t e d  t o  60 kno t s ,  and continued t h e  2-1/2" p a t h  
till breakout af ter  which t h e  p a t h  was s teepened t o  7-1/2". This  landing was 
c a l c u l a t e d  t o  r e q u i r e  260 seconds.  As noted e a r l i e r ,  d e c e l e r a t i n g  along t h i s  
2-1/2" ILS with t h e  d i s p l a y ,  guidance, and handl ing c h a r a c t e r i s t i c s  t h a t  
e x i s t e d  exceeded t h e  p i l o t ' s  c a p a b i l i t y .  

According t o  t h e s e  t h r e e  approaches, t h e  l e a s t  a i r  maneuver t i m e  was used 
when t h e  a i rc raf t  w a s  d e c e l e r a t e d  t o  t h e  landing c o n f i g u r a t i o n  a t  t h e  i n t e r -  
cep t  a l t i t u d e  and a s t e e p  approach was made. 
t h a t  proposed i n  r e f e r e n c e  10, b u t  t h e  time w a s  s h o r t e r  because d i f f e r e n t  
t e rmina l  guidance was assumed. In t h e  e x e r c i s e  of r e f e r e n c e  14,  i t  was 
concluded t h a t  t h e  least  a i r  maneuver time would b e  obtained wi th  a shallow 
f l i g h t  p a t h  and r a p i d l y  d e c e l e r a t i n g  j u s t  p r i o r  t o  landing.  
i s  c l o s e s t  t o  approach (B) which consumed more nonproductive time than  ( A ) .  
Fur the r ,  i t  should b e  noted t h a t  a s t e e p ,  s t r a i g h t - i n  approach such as (A) i s  
p r e f e r a b l e  because of improved o b s t a c l e  c l ea rance ,  s a f e t y ,  and p i l o t  workload. 

This  maneuver was similar t o  

This  approach 

The average a i r b o r n e  d e c e l e r a t i o n  from c r u i s e  t o  landing c o n f i g u r a t i o n  
was 0 . 1  g i n  l e v e l  f l i g h t  ( f i g .  2 3 )  and 0 . 0 3  g i n  descending f l i g h t  ( f i g s .  20 
and 24).  These va lues  were l i m i t e d  by t h e  a i r c r a f t  descent  and d e c e l e r a t i o n  
c a p a b i l i t i e s  and by t h e  p i l o t  workload i n  I F R ,  and are considerably lower 
than  those  used i n  many V/STOL shor t -hau l  s t u d i e s  ( r e f s .  1 t o  4 and 1 4 ) .  
Considerable aerodynamic and guidance work w i l l  have t o  b e  done t o  o b t a i n  t h e  
h i g h e r  values  s i n c e  t h e  t e s t  a i rc raf t  had descent  c a p a b i l i t i e s  a t  l e a s t  as 
l a r g e  as those  a v a i l a b l e  on t h e  designs s t u d i e d  and was a t  l e a s t  as s imple t o  
t r a n s i t i o n .  

- Close- in  . . . . . ._ p a t t e r n s . -  Seve ra l  VFR approaches were made t o  s imula t e  
ope ra t ion  i n  a r e s t r i c t e d  a r e a  o r  i n  a manner t o  avoid convent ional  t r a f f i c  
p a t t e r n s .  Figure 25 p r e s e n t s  approaches a t  STOL speeds where t h e  f i n a l  90" 
t u r n  i s  made a t  about 300-feet  a l t i t u d e .  In  case  A,  t h e  pre-approach config-  
u r a t i o n  is  used p r i o r  t o  t h e  90" t u r n  and t h e  ra te  of s i n k  i s  low u n t i l  t h e  
90" t u r n  i s  completed; after t h e  t u r n ,  t h e  landing conf igu ra t ion  i s  used 
with an 800 f t /min  descent  ( g l i d e  angle about 8 " ) .  For case  B, a descending 
approach and t u r n  a r e  made maintaining f i n a l  landing c o n f i g u r a t i o n  and a 
descent  ra te  of 800 f t / m i n .  L i t t l e  d i f f i c u l t y  was encountered i n  making 
t h e s e  landings w i t h  adequate  p r e c i s i o n  i n  touchdown p o i n t .  Approaches were 
a l s o  made when t h e  a l t i t u d e  of t h e  90" t u r n  was reduced t o  200 fee t .  The 
p i l o t  considered t h i s  a l t i t u d e  t o o  low because i t  allowed i n s u f f i c i e n t  t i m e  
f o r  making f i n a l  c o r r e c t i o n s  t o  touchdown on t h e  d e s i r e d  s p o t .  
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A 360' c i r c l i n g  approach and landing is  shown i n  f i g u r e  26. This p a t t e r n  
was s t a r t e d  i n  l e v e l  f l i g h t  a t  1000 fee t  i n  t h e  approach c o n f i g u r a t i o n .  When 
t h e  a i rc raf t  was d i r e c t l y  over  t h e  d e s i r e d  touchdown p o i n t ,  t h e  conf igu ra t ion  
was changed t o  t h e  landing conf igu ra t ion  and t h e  a i rcraf t  was banked t o  about 
20".  The power was a d j u s t e d  f o r  descent  a t  approximately 800 f t /min  and bank 
angle  was v a r i e d  t o  compensate f o r  t h e  crosswind s o  t h a t  an approximately c i r -  
c u l a r  p a t t e r n  could b e  maintained t o  r o l l  ou t  a t  about 200-feet a l t i t u d e  over 
t h e  runway. The t i m e  r e q u i r e d  t o  complete t h i s  maneuver from i t s  i n i t i a t i o n  
over  t h e  runway a t  1000 f e e t  t o  touchdown w a s  only 80 seconds,  and t h e  diam- 
e t e r  of  t h e  maneuver was roughly 3000 fee t .  The primary problem o f  such an 
approach i s  adequate compensation f o r  crosswind s o  t h a t  it i s  n o t  necessary 
t o  i n c r e a s e  t h e  bank angle  j u s t  p r i o r  t o  t h e  r o l l o u t .  To perform t h i s  
approach under IFR cond i t ions  would r e q u i r e  a d i f f e r e n t  t ype  o f  guidance 
system, and t h e  p i l o t  would r e q u i r e  d i f f e r e n t  p o s i t i o n  in fo rma t ion .  

CONCLUDING REMARKS 

I t  was r e p o r t e d  i n  NASA TN D-2231 t h a t  t h e  Breguet 941, a STOL t r a n s p o r t  
a i rc raf t ,  had accep tab le  performance, hand l ing  q u a l i t i e s ,  and o p e r a t i o n a l  
c h a r a c t e r i s t i c s  i n  t h e  VFR c o n d i t i o n s .  The c u r r e n t  t e s t s  were made with t h e  
same a i r c r a f t  flown i n  t h e  more seve re  environment of I F R  on a 7-1/2O and 
2 -1 /2"  ILS with r e l a t i v e l y  a u s t e r e  d i s p l a y s ;  t h a t  i s ,  convent ional  course 
d e v i a t i o n  i n d i c a t o r ,  a t t i t u d e  i n d i c a t o r ,  and ang le -o f -a t t ack  i n d i c a t o r .  The 
fol lowing conclusions were drawn. 

The a i r c r a f t  could b e  comfortably flown a t  60 kno t s  on t h e  7-1/2" ILS 
down t o  200 f e e t  above t h e  runway, which corresponds t o  a 1500-foot s l a n t  
range till touchdown. For t h e s e  approaches t h e  a i r c ra f t  was t r acked  t o  an 
accuracy comparable t o  t h a t  r e q u i r e d  f o r  Category I I - t y p e  approaches with 
convent ional  a i r c r a f t .  

To acqu i r e  and track t h e  7-1/2" ILS, approximately a g o  descent  
c a p a b i l i t y  was needed; t h i s  c a p a b i l i t y  was a v a i l a b l e  i n  t h e  approach and 
landing conf igu ra t ion .  Higher descent  angles  a t  60 kno t s  a r e  no t  a t t r a c t i v e  
because of t h e  high descent  rates a t  breakout ;  an upper p r a c t i c a l  l i m i t  i s  
about 1000 f t /min .  The l e v e l  f l i g h t  d e c e l e r a t i o n  c a p a b i l i t y  i n  t h e  i n t e r -  
mediate f l i g h t  regime, used p r i o r  t o  ILS i n t e r c e p t ,  was l e s s  t han  0 . 1  g and 
was considered t o  be inadequate  f o r  a shor t -hau l  STOL a i r c r a f t .  

The p i l o t  considered t h e  o v e r a l l  hand l ing  c h a r a c t e r i s t i c s  s a t i s f a c t o r y  
There were s e v e r a l  s p e c i f i c  c h a r a c t e r i s -  f o r  IFR ope ra t ion  a t  STOL speeds.  

t i c s ,  however, which, although r a t e d  accep tab le ,  were n o t  q u i t e  s a t i s f a c t o r y .  
Moderate heading excursions occurred during t h e  approach because t h e  p i l o t  
could no t  pay s u f f i c i e n t  a t t e n t i o n  t o  maintaining wings l e v e l  and moderate 
ang le -o f -a t t ack  excursions occurred a t  t h e  r e a r  c e n t e r  of g r a v i t y .  S i m i l a r  
problems r e p o r t e d  during VFR f l i g h t  a r e  gene ra l  problems o f  STOL o p e r a t i o n .  
Since power was a primary c o n t r o l  of f l i g h t  p a t h ,  p i t c h i n g  moments produced 
by power s i g n i f i c a n t l y  i n c r e a s e  t h e  p i l o t ' s  workload; a t h r o t t l e - e l e v a t o r  
i n t e rconnec t  reduced t h e s e  moments t o  a s a t i s f a c t o r y  l e v e l .  A maximum 
v e r t i c a l  a c c e l e r a t i o n  of 0.4 g was obtained by applying power and f u l l  
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e l e v a t o r  d e f l e c t i o n ,  compared t o  0.25 g by e l e v a t o r  on ly .  These levels o f  
v e r t i c a l  a c c e l e r a t i o n  were considered s u f f i c i e n t  f o r  a l l  approach and wave-off 
cond i t ions  encountered du r ing  t h e s e  t e s t s .  

The s h o r t e s t  time from c r u i s e  conf igu ra t ion  t o  a landing was with a 
l e v e l  d e c e l e r a t i o n  t o  60 kno t s  a t  t h e  ILS i n t e r c e p t  a l t i t u d e ,  proceeding down 
t h e  7-1/2O ILS, b reak ing  o u t ,  and cont inuing u n t i l  touchdown a t  t h e  same 
descent  angle  and speed. I t  was less comfortable t o  f l y  a 2-1/2O ILS a t  h igh  
speed and then  d e c e l e r a t e  t o  STOL a f t e r  breakout  because o f  t h e  inadequate  
d e c e l e r a t i o n  c a p a b i l i t y  i n  t h e  in t e rmed ia t e  speed regime. 
during t h e  2-1/2'  ILS approach was unacceptable  because i t  was very d i f f i c u l t  
f o r  t h e  p i l o t  t o  s t a y  w i t h i n  t h e  ILS boundaries .  
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APPENDIX 

CONTROL SYSTEM CHANGES SINCE THE 1963 NASA TESTS 

LATERAL CONTROL 

The i n i t i a l  r o l l  a c c e l e r a t i o n  measured i n  t h e  c u r r e n t  tes ts  f o r  t h e  
landing conf igu ra t ion  i s  compared with t h e  1963 tes ts  i n  f i g u r e  27. 
seen t h a t  t h e  va lues  with t ransparency are about t h e  same as without  t r a n s -  
parency. 
a l l  t h e  conf igu ra t ions  t e s t e d ,  and r a t e d  it 3. 
r o l l  damping appeared t o  decrease when t r anspa rency  was used. 
f l i g h t  tests were made cyc l ing  t h e  l a te ra l  c o n t r o l .  The r e s u l t s  ( f i g .  28) 
show t h a t  t h e  s p o i l e r s  l a g  t h e  c o n t r o l  i n p u t  very l i t t l e ,  whereas, t h e  d i f f e r -  
e n t i a l  p i t c h  i s  90" ou t  o f  phase and i s  ra te  l i m i t e d ;  a t  t h e  frequency o f  
c o n t r o l  used, t h e  e f f e c t i v e  l a g  i s  about 0 . 2  seconds.  S i m i l a r  tes ts  without  
t ransparency a l s o  show a ra te  l i m i t e d  c o n d i t i o n ,  b u t  t h e  p r o p e l l e r  con t r ibu -  
t i o n  i s  l e s s  ( f i g .  7) and t h e  e f f e c t  of l a g  i s  n o t  ev iden t  t o  t h e  p i l o t .  

I t  i s  

The p i l o t s  found t h e  c o n t r o l  power and s e n s i t i v i t y  s a t i s f a c t o r y  f o r  
The p i l o t s  r e p o r t e d  t h a t  t h e  

Add i t iona l  

Due t o  l a g ,  i t  was d i f f i c u l t  t o  a s c e r t a i n  t h e  aerodynamic damping (L,$ 
Lp was reduced only; however, t e s t s  with pu l ses  and s t e p s  have shown t h a t  

20 pe rcen t  by t r anspa rency .  
accep tab le  (PR = 4 ) ;  however, c e r t a i n  o t h e r  p i l o t s  were more t r o u b l e d  by i t ,  
and i n d i c a t e d  i t  t o  b e  unacceptable .  
p i t c h  rate t o  b e  a s s o c i a t e d  with t h e  v a r i a b l e  b l a d e  angle  s t o p s  used i n  t h e  
product ion p r o p e l l e r .  
should then b e  s a t i s f a c t o r y .  

The NASA p i l o t  r a t e d  t h e  e f f e c t i v e  damping 

The Breguet Company b e l i e v e d  t h e  low 

I f  t h e  l a g  i s  e l i m i n a t e d ,  t h e  a i rc raf t  r o l l  damping 

PROPELLER REVERS I NG 

The procedure f o r  r e v e r s i n g  t h e  p r o p e l l e r s  during t h e  landing r o l l  has  
been s i m p l i f i e d ,  which makes i t  comparable t o  convent ional  t r a n s p o r t  a i r c r a f t .  
I n  a d d i t i o n ,  an i n t e r l o c k  has  been provided t h a t  r e q u i r e s  one o f  t h e  f i v e  
landing gear  s t r u t s  t o  b e  compressed b e f o r e  t h e  t h r o t t l e  can be moved i n t o  
t h e  r e v e r s e  range.  This avoids t h e  p o s s i b i l i t y  o f  i n a d v e r t e n t l y  a c t u a t i n g  
r e v e r s e  p i t c h  while  t h e  a i rcraf t  i s  a i r b o r n e .  Although a small performance 
pena l ty  might b e  i n c u r r e d  by t h i s  r e v i s i o n ,  i t  is  warranted by inc reased  ease  
and s a f e t y  of ope ra t ion .  

LONGITUDINAL STABILITY 

Reference 9 i n d i c a t e d  t h a t  t h e  s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  i n  t h e  
c r u i s e  conf igu ra t ion  was u n s a t i s f a c t o r y  (PR = 5-1 /2 ) .  Since those  t e s t s ,  an 
a r t i f i c i a l  f e e l  dev ice  has  been inco rpora t ed  i n  t h e  l o n g i t u d i n a l  c o n t r o l  
system t h a t  changes s t i c k  f o r c e  as a f u n c t i o n  o f  dynamic p r e s s u r e  a t  a i r -  
speeds above 90 knots  ( s e e  f i g .  6 ) .  S t a t i c  l o n g i t u d i n a l  s t a b i l i t y  and s t i c k  
f o r c e  p e r  g are now considered s a t i s f a c t o r y .  
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TABLE I . -  GEOMETRIC DATA 

Wing 
Area. sq  f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  889 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76.1 
Mean aerodynamic chord ( r e fe rence ) .  f t  . . . . . . . . . . . . . . .  12.15 
Incidence r o o t .  from f u s e l a g e  r e f e r e n c e  l ine .  deg . . . . . . . . . . .  3 
T w i s t .  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Dihedral.  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
A i r f o i l  s e c t i o n  wi th  cambered l ead ing  edge from i n t e r n a l  

n a c e l l e  t o  wing t i p  . . . . . . . . . . . . . . . . . . . . . . .  63A416 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.52 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.507 
Flap d e f l e c t i o n  (maximum). deg . . . . . . . . . .  Inboard 98; Outboard 72 
Flap chord (percent  wing chord) . . . . . . . . . . . . . . . . . . .  38.5 
S p o i l e r  spanwise l o c a t i o n  . . . . . . . . . .  From 56 t o  97 percent  o f  span 
S p o i l e r  d e f l e c t i o n .  deg . . . . . . . . . . . . . . . . . . . . . . .  45 
S p o i l e r  chord. pe rcen t  chord . . . . . . . . . . . . . . . . . . . . .  7 

Horizontal  t a i l  
To ta l  a r ea .  s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  320 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32.8 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . .  9.92 
A i r f o i l  s e c t i o n  . . . . . . .  63A212 i n v e r t e d  with cambered leading edge 
Elevator  a rea .  sq f t  . . . . . . . . . . . . . . . . . . . . . . . .  119 
Elevator  d e f l e c t i o n .  deg 

Maximum t r a i l i n g  edge up . . . . . . . . . . . . . . . . . . . . . .  -30 
Maximum t r a i l i n g  edge down . . . . . . . . . . . . . . . . . . . . .  +24 

S t a b i l i z e r  d e f l e c t i o n .  deg . . +1 t o  +9 t o  f u s e l a g e  ref . ( leading edge up) 
V e r t i c a l  t a i l  

T o t a l a r e a .  s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  219 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.9 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . .  13 .1  
A i r f o i l  s e c t i o n  (modified) . . . . . . . . . . . . . . . . . . . .  63A013 
Rudder a rea .  s q  f t  . . . . . . . . . . . . . . . . . . . . . . . . .  82.6 
Rudder d e f l e c t i o n .  deg 

F i r s t  rudder . . . . . . . . . . . . . . . . . . . . . . . . . . .  _+20 
Secondrudde  r . . . . . . . . . . . . . . . . . . . . . . . . . . .  ?40 

Ixx. s l u g - f t 2  . . . . . . . . . . . . . . . . . . . . . . . . . .  225. 000 

Iyy. s l u g - f t 2  . . . . . . . . . . . . . . . . . . . . . . . . . .  140. 000 
Izz. s l u g - f t 2  . . . . . . . . . . . . . . . . . . . . . . . . . .  400. 000 

Moment of i n e r t i a  (approximate f o r  38. 500 l b  g ross  weight) 
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TABLE 1 1 . -  SUMMARY OF ILS APPROACHES 

Partial 
IFR 

Partial 
IFR 

Partial 
IFR 

Visual 

Visual 

Visual 

Hooded to 
300 ft 
Hooded to 
300 ft 
Hooded to 
200 ft 

llooded to 
200 ft 
Ilaoded to 

(a) 2-1/20 ILS 

260°/9 k 

260°/9 k 

260"/9 k 

31O0/11 L 

310°/11 k 

310°/11 1 

310°/6 k 

Calm 

180'/8 k 

320°/4 k 

320°/4 k 

Run 

3- 1 

3- 2 

3- 3 

5-1 

5-2 

5-3 

7-22 

8- 8 

15-31 

16-2 

16-3 

1-35 

6-1 

6-3 

6-4 

6-5 

Visual 

Visual 

Visual 

Visual 

Visual 

8-4 

8-5 

8-7 

9-17 

16-5 

Hooded to 
145 ft 
llaoded to 
165 ft 
llooded to 
175 ft 
llooded to 
200 ft 
Hooded to 

? 

16-6 1 H o o ~  to 

0 

12 

I 

65 

60 

70-80 

65 

I 

:ah 

I 
160"/8 k 

120°/4 k 

520"/4 k 

:ah 

I V 

[dle 

lary 

18-1 

18-2 

18-3 

IFR to 
150-250 ft 
IFR to 
150-250 ft 
IFR to 
150-250 ft 

*Wind given as absolute heading and speed; 

n 
deg 
Trans 

Off 

Off 

Vary 

off-. 

Vary 

Off 

7 

Vary 

Off 

Off 

Vary 

Average 
airspeet 

65-62 

65 

63 

100 
85 

60 

. . . - - - -. 

63 

65 

68 

80 

105-120 

115-67 

62 

65 

62 

62 

62 

runway heading 

Primary 
evaluation 
parameter 
Flight-path 
control 
Flight-path 
control 
Flight-path 
control 
Increased air- 
speed on approach 

Flight-path 
control 

Reduced intercept 
altitude 
nitial look at si 
nst. conditions 
Reduced intercept 
altitude 
Increased approac 
speed 

Increased approac 
speed 
Decelerating 
approach 

1/20 ILS 

steep ILS 

steep ILS 

Reduced intercept 
altitude 
Reduced intercept 
altitude 
Reduced intercept 
a1 t i tude 
Simulated inst. 
condition 

Transparency OFF 

Forward c.g. 

Increased approacl 
speed 
Reduced intercept 
altitude 
Actual IFR. 
forward c.g. 
Actual IFR, 
forward c.g. 
Actual IFR, 
forward c.g .  

1490. 

ntercept 
1 ti tude 

1500 

1600 

1500 

1500 

1500 

1000 

1500 

600 

1600 

1300 

1500 

4500 

4500 

3000 

2000 

2000 

1300 

1400 

1500 

1500 

1300 

1100 

1650 

1000 

1600 

?lightly sluggish, but response in 
:orrect direction. Heading control poor. 
got very responsive or effective. 

Papid response, but initial response in 
xrong direction 

JTleble. ro .dssFsad.~d~q~e~el~~. . -~- -  
Jnable to descend adequately until 
2-engines at ground idle. 
;lide slope tracking not too good; initial 
pitch response in wrong direction. 

Slide slope tracking with power was better, 
particularly at low altitude. 
Data not reduced. Heading control terrible. 
kpproach took too much time. 
Vot comfortable. Glide slope intercept 
indeterminate. 
Juite comfortable. Was able to make transi- 
tion and land after breakout without signifi- 
cant deviation from glide slope. 
Comfortable to breakout. Deceleration to 
landing configuration too slow. 
Unsatisfactory; too many changing parameters. 
Work load too high. 

Glide slope seemed sensitive below 1000 ft. 
Data not reduced. 
Glide slope tracking begins to deteriorate 
between 400-500 ft, but reasonable to 250 ft 
Feels quite comfortable. 

Intercept occurs quite rapidly and would 
require some warning. 
Tracking not too good. Descent capability 
quite adequate. 

Descent capability marginal. 

Seemed easier to hold desired angle  of attack in 
approach. 
Insufficient descent capability. Did not like 
feel of A/C close to ground. 
Flew through glide slope awfully fast. 
barely able to get back on. 
Quite comfortable - Static long stab sat. (smootl 
air). Runway became visible before break out. 
Not enough trim on glide slope to get squared 
away. 
Heading control not too bad. Glide slope too 
sensitive below 300 ft. 

Laterally unsteady. 
Was 
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TABLE 111.- LONGITUDINAL CHARACTERISTICS OF BR 941 
AT 98" FLAP DEFLECTION 

Reference Current 
9 tests 

W , l b  . . . . . . . . . . . . . . . . . . . . . . . . .  38,500 39,000 
Vc, k n o t s .  . . . . . . . . . . . . . . . . . . . . . .  60 57 
T , d e g  . . . . . . . . . . . . . . . . . . . . . . . .  0 1 2  
c .g . ,  pe rcen t  C . . . . . . . . . . . . . . . . . . . .  30 30 
T& . . . . . . . . . . . . . . . . . . . . . . . . . .  0.57 0.72 
S H P , p e r e n g i n e  . . . . . . . . . . . . . . . . . . . .  450 600 

d(total thrust) , l b / f t / s e c  . . . . . . . . . . . . . .  -41  
dV 

dTI, -0.018 - ,  l / f t / s e c  . . . . . . . . . . . . . . . . . . . .  -0.016 
dV 
M + ,  l / s e c 2 . .  . . . . . . . . . . . . . . . . . . . .  -0 .41 -0.27' 

0.00123 
Cmv , l / f t / s e c  . . . . . . . . . . . . . . . . . . . . .  0.00156 0.00145 

. . . . . . . . . . . . . . . . . . . . . . . .  - 0 . 1 2  -0.08 
C,T& 
M~ , l / s e c 2 / f t / s e c  . . . . . . . . . . . . . . . . . .  

M , ,  l / s e c 2 . .  . . . . . . . . . . . . . . . . . . . .  -0.092 -0 .202  
Cma , l / r a d i a n  . . . . . . . . . . . . . . . . . . . . .  -0.09 - 0 . 2 2  

M q ,  l / s e c  . . . . . . . . . . . . . . . . . . . . . .  -1.02 -0.66l 

M 6 ,  l / s e c  . . . . . . . . . . . . . . . . . . . . . .  -0.433 -0.  283 
C 

MA, , l / s ec2 .  . . . . . . . . . . . . . . . . . . . . .  -1 .72  -0.96' 

M6e 'emax 

l / r a d i a n  . . . . . . . . . . . . . . . . . . . .  -18 -13.2 
m9 ' 

Cmb , l / r a d i a n  . . . . . . . . . . . . . . . . . . . .  -7 .6 -5.6 

= *30"),  l / s e c 2  -0.90 -0.501 
emax (assuming -5" t r i m ,  s o  6 

IBased on more a c c u r a t e  measurements than made i n  1963 t e s t s .  
2Difference between previous and c u r r e n t  va lue  may b e  r e l a t e d  t o  configura-  

t i o n ;  however, M, computed from 6, ve r sus  v e l o c i t y .  Therefore  r ev i sed  
M+ and MA, a l s o  have s t r o n g  i n p u t .  

9'  3Estimate based on M 

2 2  
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Figure 1. - Test a i rp lane  i n  landing configurat ion.  
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Figure 2.- Dimensions of test airplane. 
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Figure 3.- Pilot's instrument panel. 
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Figure 4 . -  Schematic drawing of  f l i g h t  con t ro l  system. 
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(b) T h r o t t l e  e l e v a t o r  a t  sea l e v e l  s t anda rd  cond i t ions .  

Figure 5.-  In t e rconnec t  r e l a t i o n s .  
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Figure 6 . -  Longitudinal force a t  v a r i o u s  forward speeds.  
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Figure 7 . -  Lateral control displacement with lateral s t i c k  input. 
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Figure 8.- Differential propeller pitch variation with rudder pedal position. 
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Figure 9 . -  ILS procedures and geometry f o r  Toulouse Blagnac (France) a i r p o r t .  
Runway 15, e l e v a t i o n  499 f e e t  (152 m). 
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(d) Geometry of glide slope for two dots of course deviation indicator. 

Figure 9. - Concluded. 
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(a) Take-off configuration; 6 f  = 45', T = 0. 
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Figure 10.- Operational envelopes; W = 38,500 lb .  
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(b) Preapproach and wave-off configurat ion;  6f  = 72', T = 0 .  

Figure 10 . -  Continued. 
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(c) Approach and landing conf igura t ion  with t ransparency;  6 f  = 9 8 ' ,  T = 12' .  

Figure 1 0 . -  Continued. 
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(d) Approach and landing configurat ion without transparency, 1963 tes t s ;  
6 f  = 98". 

Figure 10. - Concluded. 



5400 

5000 

h, f t  
4600 

4200 

75  

70 

65 

60 

55  

50 

V,, k n o t s  

2 
dV kt  
- 1 -  0 
dt sec 

-2 

20 

15 

I O  

5 

0 

-5 

-I 0 

-I 5 

-2 0 

Q u  t deg 
8, deg 

I. I 

I .o 
.9 

A z  79 

0 

-I 0 

-2 0 

-3 0 

-40 

&?, deg 

I O 0  

95 

''0 IO 20 30 40 50 60 70 80 90 I00 

8 + h r  % 

t ,  sec 

(a) Longitudinal parameters .  

Figure 11.- Time h i s t o r y  of unacce le ra t ed  s t a l l ;  6 f  = 98O, T = 1 2 O ,  
W = 39,200 l b ,  c .g .  = 30.8 pe rcen t  Cy SHP/o = 670/eng, cr = 0 .87 .  
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(b) Lateral-directional parameters . 
Figure 11.- Concluded. 
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Figure 12 . -  Time h i s t o r y  of landing on 7-1/2' ILS under a c t u a l  IFR cond i t ions ;  
3-knot wind, 70" l e f t  of runway c e n t e r  l i n e .  
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(b) Lateral-directional parameters. 

Figure 12.- Continued. 
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(c) Profile of approach. 

Figure 12.- Concluded. 
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Af = 98",  T = 12', SHP/o = 500/eng, W = 39,000 lb .  
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Figure 14.- T h r o t t l e  s t e p s  without e l e v a t o r  i n t e r c o n n e c t ;  Sf = 98", T = 1 2 " ,  
6 ,  = - 7 O .  
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Figure  15.-  Transparency s t e p  with constant 6, = -6 .5";  cons tan t  
HP/prop = 750. 
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Figure 16.-  S t a t i c  e f f e c t s  of t r anspa rency ;  6f = 98O, SHP/o = 940/eng, 
Vc = 55 kno t s .  
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Figure 17.- Simulated "half flare"; 6f = 98O, T = 12O, SHP/eng = 600,  
yo = -7-1/2O, h = 5,000 ft. 
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Figure 18.- 2 - 1 / 2 O  ILS approach a t  115 kno t s ,  d e c e l e r a t i n g  t o  STOL landing 
a f t e r  breakout ;  4-knot t a i l w i n d .  
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Figure 18.- Concluded. 

47 



I600 
I400 
I200 
I O 0 0  

h1 f t  800 
600 
400 
200 
0 

50 
.25 

-.25 
-.50 

2 
I 

-I 
-2 

€97 deg 0 

Ez7 deg 0 

I O 0  
90 
80 
70 
60 
50 
40 
I O  
5 

-5 
-10 

V, knots 

%l deg 0 

t, sec 

(a) T i m e  h i s t o r y .  

Figure 19.- 2-1/2' ILS approach a t  80 knots ,  d e c e l e r a t i n g  t o  STOL landing 
a f t e r  breakout ;  8-knot wind, 30" l e f t  of  runway c e n t e r  l i n e .  
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Figure 20.- 2 - 1 / 2 O  ILS approach d e c e l e r a t i n g  t o  STOL speeds during IFR; 4-knot 
t a i l w i n d .  
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Figure 20 . -  Concluded. 
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Figure 2 1 . -  Comparison of t ake -o f f  a t  high a c c e l e r a t i o n  
take-off  a t  high climb g r a d i e n t  and no a c c e l e r a t i o n ;  
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Figure 2 2 . -  T i m e  h i s t o r y  of  a s p i r a l  t ake -o f f ;  W = 39,000 l b ,  SHP/eng = 1230, 
6f  = 4s0, 0 = 1.02. 
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